Germline mutations in the aryl hydrocarbon receptor-interacting protein (AIP) gene predispose humans to pituitary adenomas, particularly of the somatotroph lineage. Mice with global heterozygous inactivation of Aip (Aip +/− ) also develop pituitary adenomas but differ from AIP-mutated patients by the high penetrance of pituitary disease. The endocrine phenotype of these mice is unknown. The aim of this study was to determine the endocrine phenotype of Aip +/− mice by assessing the somatic growth, ultradian pattern of GH secretion and IGF1 concentrations of longitudinally followed male mice at 3 and 12 months of age. As the early stages of pituitary tumorigenesis are controversial, we also studied the pituitary histology and somatotroph cell proliferation in these mice. Aip +/− mice did not develop gigantism but exhibited a leaner phenotype than wild-type mice. Analysis of GH pulsatility by deconvolution in 12-month-old Aip +/− mice showed a mild increase in total GH secretion, a conserved GH pulsatility pattern, but a normal IGF1 concentration. No pituitary adenomas were detected up to 12 months of age. An increased ex vivo response to GHRH of pituitary explants from 3-month-old Aip +/− mice, together with areas of enlarged acini identified on reticulin staining in the pituitary of some Aip +/− mice, was suggestive of somatotroph hyperplasia. Global heterozygous Aip deficiency in mice is accompanied by subtle increase in GH secretion, which does not result in gigantism. The absence of pituitary adenomas in 12-month-old Aip +/− mice in our experimental conditions demonstrates the important phenotypic variability of this congenic mouse model.
Introduction
Since 2006, mutations in the AIP (aryl hydrocarbon receptor-interacting protein) gene have been known to predispose humans to pituitary adenomas (Vierimaa et al. 2006) . Heterozygous mutations are found in 20% of familial isolated pituitary adenomas (FIPA) (Beckers et al. 2013) and in 3-4% of sporadic pituitary adenomas (Lecoq et al. 2015) . AIP-mutated patients mainly develop growth hormone (GH)-and prolactin (PRL)-secreting tumors. They also have a younger age at diagnosis, a predominance of macroadenomas and frequent resistance to medical treatments. The AIP-mutated giants are predominantly males (Daly et al. 2010 , Cazabat et al. 2012 . Predisposition to pituitary adenoma due to AIP mutation is also characterized by low penetrance (about 20%) (Williams et al. 2014) .
AIP is considered to be a tumor suppressor gene (Leontiou et al. 2008 ) with many molecular interacting partners (Trivellin & Korbonits 2011) . AIP protein is ubiquitously expressed and is physiologically present in somatotroph and lactotroph cells, in association with the secretory vesicles, suggesting a potential role in hormone secretion. However, the precise molecular mechanisms by which AIP mutations lead to pituitary adenomas remain unclear (Lecoq et al. 2016) . Homozygous Aip knockout mice are not viable and die during embryonic development with various cardiovascular malformations (Lin et al. 2007) . Only one mouse model with global heterozygous inactivation of Aip (Aip +/− ) has been reported to develop pituitary adenomas (Raitila et al. 2010) , but it exhibits many differences with the pituitary tumor susceptibility caused by AIP germline mutations in humans. In particular, the pituitary disease in Aip +/− mice was shown to have 100% penetrance and to be similarly frequent in males and females. Furthermore, although GH immunostaining is found in most of these mouse tumors (88%), no phenotypic manifestation of GH excess has been reported (Raitila et al. 2010) .
The aim of this study was to further characterize the endocrine phenotype of Aip +/− mice by assessing the somatic growth, pulsatile GH secretion and IGF1 concentrations of male mice followed longitudinally at 3 and 12 months of age. This timing was chosen to investigate their growth phenotype and hormonal status, along with the possible age dependency of pituitary tumor development (Raitila et al. 2010) . We found that, despite mild GH hypersecretion and an increased response to GHRH, Aip +/− mice did not develop gigantism and had normal IGF1 levels. As the early stages of pituitary tumorigenesis are controversial (Melmed 2011 , Villa et al. 2011 , we also studied the pituitary histology and somatotroph cell proliferation in the same mice. Surprisingly, in contrast to the original description (Raitila et al. 2010) , the mice did not develop pituitary adenomas, but pituitary hyperplasia was detected in some Aip +/− mice, and may represent an early step in the development of pituitary adenomas.
Materials and methods

Animals
Aip +/− mice were generated as described previously (Raitila et al. 2010) . Heterozygous (Aip +/− ) male and wild-type (WT) female mice were bred according to the Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health (NIH Publication No. 85-23, revised 1996) . Experiments were conducted during the light phase in 3-and 12-month-old Aip +/− male mice and WT littermate controls. All mice were kept on the same initial C57BL/6Rcc background and belonged to generations F16+1-3. Offspring was genotyped by PCR amplification of tail DNA, as described previously (Raitila et al. 2010 ) and confirmed with RT-qPCR and Western blot analyses ( Supplementary  Fig. 1 , see section on supplementary data given at the end of this article). The mice were housed in a temperaturecontrolled colony room with a 12:12 h light:darkness cycle (0700 h to 1900 h). All studies have been performed with access to food and tap water ad libitum.
The animal facility was approved (no. C94-043-12) by the Ministère de l'Agriculture, France. All procedures were carried out in accordance with the European Communities Council Directive and were approved by the local ethics committee CAPSud (no. 2013-071) .
Assessment of total body weight and body length
Mice were weighed at 3, 7 and 12 months of age. Repeated measurements of the naso-anal distance were made on awake mice at 3 and 7 months of age. 5 consecutive pictures of each mouse maintained in extension were taken and analyzed with ImageJ software (http://rsbweb.nih.gov/ij/). At 12 months of age, mice were anesthetized with isoflurane before measuring the naso-anal distance.
Body composition and fat mass measurements
Body composition was assessed at 3 and 12 months of age using dual-energy X-ray absorptiometry (DEXA; PIXImus2,
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Lunar, Madison, WI, USA). Each mouse was anesthetized for the duration of the procedure (5 min) by exposure to isoflurane via a nose cone. Each mouse was then placed on the scanner bed in the prone position, with the limbs and tail stretched away from the body. An ultrahigh-resolution mode (0.18 × 0.18 mm) was used. Based on the attenuation of two energy levels, the system provides quantitative data on the fat tissue content, lean tissue content and total tissue mass within a region of interest (ROI). One scan per mouse was performed and analyzed with PIXImus software (2.10, GE/Lunar). The head was excluded from the calculation by applying a manual ROI. A shape was scanned daily to monitor the stability of the measurements, according to the manufacturer's instructions.
The same mice used for DEXA were decapitated for perifusion experiments. The epididymal white adipose depots located around each testis were carefully separated from the epididymis. Part of the inguinal white adipose tissue was then dissected at the level of the lower leg (inner side). Both tissues were weighed with an analytical balance. Fat pads from the epididymal region were considered to represent intra-abdominal adipose tissue, and fat pads from the inguinal compartment subcutaneous adipose tissue. To compare the relative adipose tissue mass, individual tissue weights were normalized by dividing the absolute tissue weight by the total body weight of each animal.
Repeated blood sampling for GH assay
Repeated blood sampling was performed in longitudinally followed male mice at 3 and 12 months of age. Mice were first habituated to single housing 1 week before the beginning of the experiment and handled to minimize stress. Four microliters of venous whole blood were obtained from the tail vein every 10 min for 6 consecutive hours. Samples were collected between 1000 h and 1600 h, following the established guidelines (Steyn et al. 2011) , except that the tail was sectioned 1 h before blood collection and a cardboard tube was not used to handle the mouse during sampling. Blood samples were collected and homogenized in 116 µL of GH enzyme immunoassay (EIA) buffer (PBS, 0.05% Tween) in 96-well plates kept on ice during the whole procedure, then stored at −20°C until analysis.
GH release from pituitary explants
Experiments were conducted on 3-and 12-month-oldmice, starting between 0930 h and 1030 h. Mice were decapitated and blood samples were collected from arterial blood vessels of the neck and centrifuged at 4°C for 5 min at 300 g. Supernatants were collected and stored at −20°C until hormone assays (IGF1 and leptin).
For perifusion, the pituitary was rapidly dissected out, placed in a perifusion chamber (vol, 0.4 mL) and superfused at a rate of 0.1 mL/min with oxygenated DMEM/HAM'S F-12 medium (PAA, Velizy-Villacoublay, France) containing 0.1% bovine serum albumin. After a 120-min equilibration period, effluents were collected every 5 min. Mouse GHRH (10 −7 M, Sigma-Aldrich) and somatostatin-14 (10 −7 M, H-1490, Bachem, Bubendorf, Switzerland) were added to the medium during 15-min periods. Samples were frozen until GH determination as described in the 'Hormone assays' section below.
Hormone assays
Whole-blood GH concentrations were determined by EIA as described previously (Steyn et al. 2011) , using antibodies listed in Supplementary Table 1 . Values are reported in terms of rGH-RP2. The detection limit was 0.038 ng/mL and the intraassay and interassay coefficients of variation were 3.2% and < 8.75%, respectively. Values are expressed as GH plasma concentrations.
IGF1 concentrations in plasma were determined with a Mouse/Rat IGF-1 ELISA kit (80-INSMSU-E01, ALPCO, Eurobio, Les Ulis, France) and leptin levels with a Mouse Leptin ELISA kit (EZML-82K, Merck Millipore, Molsheim, France) following the manufacturers' instruction manuals. IGF1 and leptin were assayed serially in both 3-and 12-month-old mice. Prolactin concentrations in plasma were determined by ultrasensitive ELISA assay as described previously (Guillou et al. 2015) .
Analysis of GH pulsatility
GH pulsatility was deciphered by deconvolution analysis using the established parameters (Liu et al. 2009 ). Measurements included the number and mass of secretory bursts (mass per pulse, MPP) and basal, pulsatile and total GH secretion. The orderliness of GH secretion was calculated by approximate entropy (ApEn) analysis as described previously (Veldhuis et al. 2001) .
Gene expression analyses
Gene expression was studied by real-time RT-PCR in 3-and 12-month-old male mice. After sacrifice, the hypothalamus and pituitary were quickly dissected out and stored at −80°C until mRNA extraction with TriReagent (Life Technologies) was performed according to the manufacturer's recommendations. cDNA was obtained by reverse transcription of 1 µg of total RNA. Quantitative real-time PCR (qRT-PCR) was performed using the Fast SYBR Green Master Mix (ABI, Applied Biosystems, Life Technologies) on a StepOnePlus System (Applied Biosystems, Life Technologies). Standards and samples were amplified in duplicate. The internal control gene was β-actin. Gene expression is reported as the ratio of attomoles of the specific gene to attomoles of β-actin. The primers for β-actin, Ghrh, Srih, Gh and Ghrh-r are shown in Supplementary Table 2.
Immunofluorescence and immunohistochemistry
Pituitaries from 3-and 12-month-old Aip +/− and WT male mice were fixed in 4% paraformaldehyde, embedded in gelatin (Sigma) and frozen. Cryosections (18 µm Table 1) ) and the M.O.M. biotinylated anti-mouse antibody. Slides were mounted with DAPI VECTASHIELD medium (Vector Laboratories), and micrographs were acquired in identical conditions for light intensity, charge-coupled device (CCD) image acquisition and signal integration with a X60 oil objective using an Olympus BX612 fluorescence microscope and DP71 CCD camera.
Normal and hyperplastic pituitary tissues were identified by Gordon and Sweet's silver staining for reticulin. Pituitary hyperplasia was defined as a conserved but thinner and scarcer reticulin fiber network compared with normal pituitary, together with acini expansion. In addition, hematoxylin and eosin staining of the pituitaries from 3-to 12-monthold Aip +/− and WT male mice and 21-to 24-month-old Aip +/− and WT female mice was performed to analyze the histopathological features.
Statistical analyses
Results are expressed as means ± standard error of the mean (s.e.m.). Differences between groups were analyzed with the nonparametric Mann-Whitney test or by chisquare test (Prism software, GraphPad). A P value below 0.05 was considered to denote statistical significance (*P < 0.05; **P < 0.01; ***P < 0.001).
Results
Somatic growth of Aip +/− mice
As Aip +/− mice are reportedly prone to GH-secreting pituitary adenomas, we first explored the growth phenotype in longitudinally followed mice at 3, 7 and 12 months of age (Fig. 1) . Body weight was higher in Aip +/− mice than in WT littermates at 3 months (28.5 ± 0.65 g vs 26 ± 0.54 g, P = 0.0071) and 7 months (33.9 ± 0.68 g vs 31.7 ± 0.62 g, P = 0.034) but not at 12 months. In contrast, the naso-anal length was not different, confirming that Aip +/− mice do not exhibit gigantism but suggesting their body composition is nonetheless affected.
Changes in body composition in Aip +/− mice
We performed DEXA scans in 3-and 12-month-old mice ( Fig. 2A, B and C) . The excess body weight in 3-monthold Aip +/− mice was associated with higher lean mass than in WT mice (lean mass normalized to body weight 79.6% vs 74.0%, P = 0.0104, Fig. 2A ). Higher lean mass was also observed at the age of 12 months (72.6% vs 69.3%, P = 0.0386). Fat mass normalized to body weight revealed lower adiposity in Aip +/− mice at 3 and 12 months Figure 1 Body weight and naso-anal length of longitudinally followed Aip +/− and WT male mice. (A) Body weight was significantly higher in Aip +/− mice than in WT littermates at 3 and 7 months. (B) Naso-anal length was not different between Aip +/− and WT animals. Data are indicated as mean ± s.e.m. The number of mice and their genotypes are indicated in the boxes below the graphs. *P < 0.05, **P < 0.01.
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(11.5% vs 14.0%, respectively, P = 0.0199 and 16.5% vs 21.3%, P = 0.0078; Fig. 2B ). Accordingly, the lean mass/fat mass ratio was higher in both 3-and 12-month-old Aip +/− mice than in their WT counterparts (Fig. 2C ). Gonadal and inguinal white adipose tissue (WAT) depots were collected and weighed in 3-and 12-monthold animals ( Fig. 2D and E) . In keeping with the changes in body composition, gonadal adipose depots were smaller in 3-and 12-month-old Aip +/− mice than in WT animals (P = 0.0398 at 3 months and P = 0.0036 at 12 months, Fig. 2D ). Similarly, inguinal adipose depots were smaller in 12-month-old Aip +/− mice than in WT mice (P = 0.0283, Fig. 2E ). In 3-month-old mice, the mass of inguinal adipose depots followed the same trend, but the difference did not reach statistical significance (P = 0.0754). Finally, circulating levels of leptin (Fig. 2F) were lower in 12-month-old Aip +/− mice than in WT mice (P = 0.0035), reflecting the lower whole-body fat mass.
GH pulsatility and IGF1 concentrations in Aip +/− mice
Representative GH secretion profiles of WT and Aip +/− mice at 3 and 12 months of age are illustrated in Fig. 3A , B, C and D. In both genotypes, GH was secreted in ultradian manner, with secretory bursts occurring at about 3-h intervals. Results of deconvolution analysis are summarized in Table 1 and illustrated in Fig. 3E . As shown in Table 1 , total, pulsatile and basal GH secretion rates declined significantly with age in both genotypes. The amount of GH secreted per burst was also lower in older animals. No significant difference in any of the studied parameters was found between the genotypes at 3 months of age. As shown in Table 1 and Fig. 3E , total GH secretion rate was higher in 12-month-old Aip +/− mice than in their WT littermates (P = 0.0267). Pulsatile GH secretion showed a similar trend at 12 months (P = 0.0593 vs WT), but the secretory pattern was not significantly modified. The number of mice is indicated in the bar graph. *P < 0.05, **P < 0.01.
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This increase in GH secretion was not associated with higher circulating IGF1 levels (Fig. 3F) or with a negative feedback effect on hypothalamic Ghrh or Somatostatin transcript levels (data not shown).
Plasma prolactin concentrations were very low, decreased significantly with age (P = 0.0014) and were not different between genotypes ( Supplementary  Fig. 2 ). Samples were collected at 10-min intervals between 10:00 h and 16:00 h in the same mice at 3 and 12 months of age. Data are represented as mean ± s.e.m. P values for the genotype comparisons are indicated in the table. For the effect of aging in Aip +/− and WT animals, P values are indicated as follows: *P < 0.05, **P < 0.01, ***P < 0.001. ApEn, approximate entropy, measures the orderliness of GH secretion.
231:1 Basal and stimulated GH release from pituitary explants of Aip +/− mice
Given these subtle differences in pulsatile GH secretion, we further explored the somatotropic axis by measuring the capacity of ex vivo perifused pituitary fragments from 3-to 12-month-old mice to release GH in basal and stimulated conditions ( Fig. 4A and B) . At 3 months of age, the amount of GH released after stimulation with 10 −7 M GHRH was higher in Aip +/− mice than in WT mice (AUC 35-80 min = 11 127 ± 1745 vs 7421 ± 671 ng GH/45 min, P = 0.0294; GH peak = 401 ± 55.5 vs 254 ± 23.4 ng/mL, P = 0.0294). By contrast, GH release after 10 −7 M somatostatin exposure did not differ between the genotypes. At 12 months, basal GH release as well as the responses to GHRH and somatostatin did not differ between Aip +/− and WT mice. In keeping with their greater sensitivity to GHRH, we observed higher Gh mRNA levels in the pituitary of 3-month-old Aip +/− mice (1.3-fold vs WT, P = 0.0048; Fig. 4C ), whereas Ghrh-r expression did not differ (Fig. 4D) .
Proliferation of somatotroph cells in the Aip +/− pituitary
Histological examination showed no pituitary adenomas in any of the 3-or 12-month-old Aip +/− or WT males analyzed. Modifications of the reticulin network indicative of pituitary hyperplasia were seen in 0 of 10 WT mice (Fig. 5A ) but in 3 of 10 Aip +/− mice (Fig. 5B ). Ki67 and GH costaining showed no foci of increased proliferation of either somatotroph cells or other pituitary cells in Aip +/− mice. However, Ki67-positive somatotroph cells tended to be more numerous in Aip +/− mice than in WT mice (Fig. 5C ).
The absence of pituitary tumors in 3-and 12-month-old males in our study brought us to explore the pituitaries in 21-to 24-month-old female mice. We observed macroadenomas during dissection (Fig. 6 ) in 5 of 18 Aip +/− 21-to-24-month-old female mice. However, 2 of 14 WT littermates of the same age also presented with macroscopically visible pituitary adenomas (NS).
Discussion
Aip +/− mice are currently the only animal model of AIP-related pituitary tumorigenesis. The initial description of this model mentioned a very strong pituitary phenotype, with adenomas occurring in 100% of mutants by the age of 15 months (Raitila et al. 2010) . This strong penetrance contrasts with the human situation (Williams et al. 2014) . To better characterize the endocrine phenotype of these mice, we examined the somatic growth and GH secretion of male mice at different ages.
We have focused our study only on males for two reasons. First, a male predominance is classically described among AIP mutation-positive patients with sporadic acromegaly (Daly et al. 2010 , Lecoq et al. 2015 , even though a recent study from a large international cohort did not observe the same results among the AIP mutation-positive familial cases (Hernández-Ramírez et al. 2015) . Secondly, we preferred to avoid potential bias related to the well-known influence of sexual steroid variations during the estrous cycle on GH secretion in mice (Giustina & Veldhuis 1998) .
One major finding is that Aip +/− mice do not develop gigantism. This is a major difference with human AIPrelated pituitary disease (Daly et al. 2010) and challenges the secretory nature of somatotroph adenomas previously shown by IHC in these mice (Raitila et al. 2010) . However, even if their naso-anal length was normal, Aip +/− mice showed differences in their body weight and composition relative to their WT counterparts. GH plays an important role in the regulation of body composition, promoting a lean phenotype by increasing lipolysis in WAT and enhancing protein synthesis in muscle (Møller & Jørgensen 2009 ). In humans, acromegaly leads to an increase in body water and lean body mass (Ikkos et al. 1954 , O'Sullivan et al. 1994 , Kamenický et al. 2014 , associated with a reduction in body fat (Freda et al. 2008 , Katznelson 2009 . Similarly, giant bovine-GH transgenic mice (bGH) exhibit a lower body fat percentage, smaller WAT deposits and lower serum leptin levels (Berryman et al. 2004 , Benencia et al. 2014 . We found that Aip +/− mice exhibit a slightly enhanced total body weight at 3 and 7 months but not at 12 months of age. The increased lean mass of Aip +/− mice could be related to body fluid retention (Ikkos et al. 1954 , O'Sullivan et al. 1994 , Kamenický et al. 2014 ), but we did not determine total body water. Fat mass increased with age in both Aip +/− and WT mice but to a lesser extent in the mutants, possibly explaining the similar total body weights of 12-month-old mutant and WT mice. Leptin plasma levels increased with age in both genotypes, as described in rats (Igel et al. 1996 , Li et al. 1997 ) but were lower in Aip +/− mice. Altogether, these changes in body composition could be related to GH hypersecretion.
Here we show, for the first time, that Aip +/− males display a slight increase in total GH secretion at the age of 12 months, with a conserved GH pulsatility pattern. We used a waveform-independent deconvolution method that can discriminate between acromegalic and normal subjects. Acromegaly is classically characterized by an increased GH pulse frequency, higher basal GH secretion rates and higher ApEn values, suggesting more irregular GH concentration profiles than those in normal subjects (Hartman et al. 1994) . Nevertheless, in keeping with our studies of Aip +/− mice, recent data suggest that the complex rhythm and age dependency of GH secretion are both preserved in patients with acromegaly (Ribeiro-Oliveira et al. 2013) . However, the biological significance of this subtle increase in total GH secretion is questionable, as it does not result in elevated IGF1 plasma concentrations. Similar observations have recently been reported in mice lacking both somatostatin and cortistatin, which have high GH levels but a normal growth rate and normal IGF1 levels suggestive of partial GH resistance (PedrazaArévalo et al. 2015) .
The observed changes in body composition due to global heterozygous inactivation of Aip in this mouse model could also be explained by a role of AIP in WAT homeostasis, energy expenditure and/or hypothalamic control of food intake. AIP is ubiquitously expressed, but its physiological functions in specific tissues are poorly known (Trivellin & Korbonits 2011 , Beckers et al. 2013 .
Another major finding of this study is that male Aip +/− mice do not develop pituitary adenomas up to the age of 12 months. Macroadenomas were observed in a few 21-to 24-month-old mice but without any differences between the genotypes. The discrepancy between the high penetrance of pituitary disease in the initial description of this mouse model (Raitila et al. 2010 ) and the lack of spontaneous tumors in 3-and 12-month-old males in our study, which used genetically identical mice from the same source (as confirmed by genotyping, RT-qPCR and Western blot, Supplementary Fig. 1 ), was unexpected. One possibility is that environmental factors interfere with pituitary tumorigenesis (Crabbe et al. 1999) , especially as the privileged molecular partner of AIP is the xenobiotic receptor AhR (aryl hydrocarbon receptor) (Carver et al. 1998 , Lecoq et al. 2016 . Alternatively, the phenotypic discrepancy could be related to greater genetic homogeneity due to additional backcrosses since the initial publication (F16 + 1-3). Of note, the reported prevalence of pituitary adenomas in WT mice in the initial publication of Raitila and coworkers is unexpectedly high. The histological analysis in this study identified pituitary adenomas in approximately 40% of WT mice at the age of 15-18 months. Most of these adenomas showed prolactin immunoreactivity. However, prolactin secretion was not studied (Raitila et al. 2010) . It would be interesting to know whether this strong pituitary phenotype (Raitila et al. 2010 ) is maintained after several years of backcrosses in the original environment. Similar to our observation, the penetrance of pituitary adenomas in AIP-mutated families is low, but subtle hormonal abnormalities may exist in some AIP mutation carriers who have not yet developed pituitary adenomas (Naves et al. 2007 , Williams et al. 2014 .
The mild GH hypersecretion observed here in 12-month-old Aip +/− male mice, in the absence of a clear endocrine phenotype and pituitary adenomas, suggests that AIP deficiency may be associated with earlier stages of pituitary tumorigenesis such as pituitary hyperplasia, which could precede pituitary tumor development (Melmed 2011) . We postulated that somatotroph cell hyperplasia could result in GHRH hypersensitivity. This was confirmed ex vivo in 3-month-old Aip +/− mice by an 231:1 enhanced GH response of isolated pituitary explants to GHRH, but no such effect was seen in 12-month-old Aip +/− mice. In parallel, by means of IHC, we observed areas of hyperplastic tissue in a few Aip +/− mice at 3 and 12 months of age, with a tendency to more prevalent Ki67 immunostaining in Aip +/− somatotroph cells. Thus, the increased GHRH response in 3-month-old Aip +/− mice could be related to pituitary hyperplasia in some animals and/or to a particular organization of the GH cell network (Bonnefont et al. 2005) caused by AIP deficiency in other animals. As Aip may be a tumor suppressor gene, this somatotroph hyperplasia could result from the loss of the first Aip allele and might represent a tumor-initiating event (Melmed 2011) . However, multiple environmental factors are no doubt involved in tumorigenesis in AIPmutated somatotroph cells (Välimäki et al. 2015) .
In conclusion, global heterozygous inactivation of Aip in mice does not result in gigantism or clinical acromegaly. Further, Aip +/− mice did not develop pituitary adenomas up to the age of 12 months, but Aip deficiency was accompanied by subtle changes in the somatotroph axis and by somatotroph hyperplasia. The lack of pituitary adenoma development in our experimental conditions demonstrates the important phenotypic variability of this congenic animal model of AIP-related pituitary tumorigenesis, resembling the inconstant penetrance of pituitary disease in AIP-mutated humans.
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